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EXECUTIVE SUMMARY

This Study has been prepared for the Cape May Planning Board

under a grant from the Coastal Energy Impact Program of the New
Jersey Department of Energy. Its stated objective is to identify
existing and potential hazards to shipping and to determine the
adequacy of existing aids to navigation and navigational procedures

in Lower Delaware Bay and to make recommendations for improvements
where warranted.

The Study examines historical vessel accident data and from them
conducts the following tasks:

e identification of hazards and/or hazard
scenarios;

e identification and analysis of potential
corrective measures for those hazards and/or
hazard scenarios;

e projection of future trends of acccidents
with and without the presence of those
potential corrective measures over the
1981 to 2000 period;

® analysis of the annualized costs of those
potential corrective measures versus the
annualized costs of projected impacts; and,

on the basis of those tasks makes recommendations for the improve-
ment of the existing aid to navigation system in the Lower Delaware.

The Study shows that shipping accidents (collisions, groundings,
and rammings) have exhibited an increasing trend with respect

to frequency of occurrence over the 1972 to 1978 period. There-
fore, holding all things equal (including level of traffic) over
the next twenty years will likely result in increased accidents
and with that, the potential for a large oil spill becomes a more
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credible risk. It also shows, however, that with certain proposed
corrective measures, the risk of impacts can be substantially
reduced at modest costs. Moreover, given the potential cost of
future accidents, the cost of those corrective measures are deemed
to be highly cost beneficial to Society.

It is important to understand as is frequently emphasized through-
out the text that these conclusions are predicated solely on the
basis of the costs to Society which emanate through the occurrence
of accidents. They do not include the societal benefits which

may be accrued from these corrective measures in terms of the
enhancement of the facilitation of commerce. Obviously, such
inclusion would further justify their need and provision.

The Study concludes that the provision of the following features
within the existing aid to navigation system in the Lower Delaware
Bay should be implemented:

® an improved arrangement of buoys within
the precautionary area between the traffic
separation lanes and the pilot station
including a swept frequency RACON on junc-
tion buoy "DBJ";

e an upgraded weather forecasting facility;

® a designated/increased spacing concept for
the Big Stone Beach Anchorage;

® a second swept frequency RACON on the fixed
structure at Brandywine Shoal Light; and,

@ a portable electronic position fixing system
including a single fixed structure at the
entrance to the dredged channel for means of
system initialization.
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This combined implementation package exhibits a savings cost ratio
of approximately ten over the next twenty years or a potential
average annualized savings of $1,977,250 in direct accident costs
and impacts versus an average annualized cost of $196,609 to pro-

cure, install and operate the necessary equipment proposed herein.

Lastly, copies of a draft version of this Study were circulated
to various U.S. Coast Guard aid to navigation, engineering, and
marine safety offices as well as the Delaware Bay Pilots. Copies
of their written comments (where received) are included within
this Study as Appendix B. Their comments have been either in-
tegrated within the final text where appropriate or specifically
responded to in Section VII.
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I. INTRODUCTION

The Delaware Valley is a major oil refining and petrochemical
processing center for the Northeast United States. With an in-
creased reliance on foreign crude oil in recent years, the volume
of crude o0il being brought into Delaware Bay has increased from
850,000 barrels per day in 1972 to just over one million barrels
per day in 1978. While the actual number of ships has not in-
creased, the additional volume of crude oil has been handled
through the employment of larger ships. 1In 1972, the average
deadweight of a crude o0il carrier in the Delaware was approxi-
mately 34,000 long tons; today that figure exceeds 60,000 long
tons. Thus, even under the assumption that the occurrence of
oil spill events remains constant with increased ship size, the
potential for a large volume o0il spill becomes greater with in-
creased ship size given the occurrence of an oil spill event.

The importance and fragility of the ecology of Delaware Bay and
the adverse impact that a large oil spill will have on that eco-
logical system as well as the tourist industry and economy of

the contiguous shore areas of New Jersey and Delaware are well
documented [l,2,3]l/. Accordingly, it is critical that the move-
ment of ships, and 0il tankers in particular, within Delaware

Bay be as safe as is reasonably possible.

The objective of this Study is to identify existing and potential
hazards to those ship movements and to determine the adequacy

of existing aids to navigation and navigational procedures in
Delaware Bay and to make recommendations for improvements where
warranted.

1/ Numbers in brackets designate references listed in
Section VIII '



The Study Area is the Lower Delaware Bay area from the Ship John
Shoal Lighthouse to the mouth of the Bay and the coastal zone
from Cape Henlopen to Cape May Point eastward to the limits of

the contiguous zone as defined on National Ocean Survey Chart
12214. (See Figures 1 and 2.)

Within that area, this Study examines historical vessel accident
data and from them identifies hazards to navigation. It then
analyzes potential corrective measures for those hazards and pro-
jects future trends of accidents with and without the presence

of those potential corrective measures to gauge the extent of
their effectiveness over the 1981 to 2000 period. Finally, the
Study compares the annualized costs of those potential corrective
measures against the annualized costs of impacts over that same

20 year period and makes recommendations with respect to those
findings.



SOUNDINGS IN TEET

WISy e
R AL

NEW IERGF) . NELAWARY,

NELAWARE pAY

-3-

12304

WERPRINTEQ

LORANS ¢



QXL IRBRAG ) VRVBOE

{awha , putys] Anmuig 6 ADR w01

- - - N T
.I.llh.ln' e SmrE S S AT
et Ry

e oniacs e 47 it

v

vauy xanis
J0 LIWI'T H¥OHSII0

« gy

-

e

i

D19V NISOM,

Dt2svey “wnve }&\S‘.\ ERPR7] U.,wnﬁqhma. wyn..} ’
[ - [

St o “

3¢ Sevastu Awre O e s

ey

CAPE MAY TO FENWICK ISLAND LIGHT
(NOS CHART 12214)

FIGURE 2:

LORAN.A € QVFRPRINTFD

P

poane

22" -



1I. HISTORICAL ACCIDENTS

In accordance with the basic objectives and terms of this Study,
the United States Coast Guard Commercial Vessel Casualty (CVC)
computer data file for all available fiscal years (FY), 1972 to
1978 inclusive, was interrogated for those collision (vessel-to-
vessel impacts), grounding, and ramming (vessel-to-nonvessel im-
pacts such as impacts with aids to navigation) accidents which
involved any tank ship, cargo ship, and barge with a Gross Reg-
istered Tonnage (GRT) of 1,000 tons or greater that occurred in
the Lower Delaware Bay. Insofar as the geographic location codes
on that data tape are concerned, that three digit code prior to
1976 could only specify location to "Delaware Bay" which includes
all navigable waters from the entrance to Delaware Bay (and the
contiguous offshore waters thereto) to and including Camden and
Philadelphia. Beginning in 1976 and all years thereafter, that
code was changed such that the following geographic areas within
Delaware Bay could be specified:

Cape May Point Light;
Camden, New Jersey;
Philadelphia, Pennsylvania;
Chester, Pennsylvania;

Wilmington, Delaware;

Reedy Point, C and D Canal East Entrance
Light; and,

® Cape Henlopen, Harbor of Refuge Light.

Thus, for FY 1972 to FY 1975 all accidents for the Delaware Bay
involving all vessel types with a Gross Registered Tonnage of
1,000 tons and greater were identified; for FY 1976 to FY 1978,
all accidents involving all vessel types with a Gross Registered



Tonnage of 1,000 tons and greater for Cape May Point Light,
Philadelphia, Cape Henlopen, Harbor of Refuge Light, and the
generalized location code for Delaware Bay were likewise iden-
tified.

The Philadelphia code was specified because those entries re-
present half of the entire file for Delaware Bay and frequently,
accidents that occur somewhere in the Delaware Bay are miscoded
as Philadelphia. Thus, to insure that all accidents which oc-
curred in the Study Area were identified, the computer code
Philadelphia was specified for the initial interrogration of the
total file.

This interrogation resulted in the identification of four hundred
and sixty (460) accident cases, which were reviewed in order to
positively establish geographic location, accident type, and
vessel type.

Out of those 460 cases, thirty-three (33) of them did not involve

a tank ship, a cargo ship, or a barge. These included as examples,
tugboats operating without a barge, recreational craft, fishing
vessels, etc. An additional one hundred and twenty-eight (128)
cases were not collisions, groundings, and rammings; i.e., material
failures, explosions, fires, etc., and therefore are not germane

to the issue of the adequacy of aids to navigation.

Of the remaining two hundred and ninety-five (295) cases, each

of those narrative case files was then read individually to es-
tablish the exact location of the accident,. (Fér FY 1972 to 1976,
those narrative files are on microfilm tape and were read on a
microfilm reader. For FY 1977 and 1978, those narrative files
were individually read directly from the hard copy files at U.S.
Coast Guard Headquarters in Washington, D.C.)



From those 295 cases, only thirty seven (37) of them were found
to have occurred in the Study Area; the remaining 258 cases were
found to be either miscoded or located upriver of the Study Area.
They were subsequently discarded from any further consideration
herein. Of those remaining 37 collision, grounding, and ramming
accidents involving tank ships, cargo ships, or barges of 1,000
GRT and greater, 30 were adjudged to be due to inadequate navi-
gational aids, navigational procedures, or weather. The other
seven events included various forms of mechanical failure, im-
proper seamanship, or involved recreational craft and were thus
discounted from any further analysis.

Finally, to accommodate the analysis procedure which is done on
a calendar year basis as opposed to a fiscal year basis (which
in the case of FY 1978 terminated on September 30, 1978), the
files of the Marine Safety Office in Philadelphia were further
investigated to extract any pertinent data for the last quarter
of calendar year 1978; i.e., October, November, and December.
That investigation revealed two additional cases.

Those 32 accident cases form the basis of all analyses conducted
hereafter. A computer file of those cases was generated and the
printout of that file is given in Appendix A. Each case includes
the following information:

® vessel type;
vessel registry;

® whether the vessel was inbound, outbound,
or in an anchorage;

e time of day;
month and year;

® dgross registered tonnage;



cargo condition;

amount of cargo;

cargo type;

mean draft of the vessel;
accident type;

type of other vessel involved;
location;

visibility;

weather condition:

wind speed and direction;
sea height and direction;
pilotage: and,

a condensed narrative,

Appendix A also contains the detailed documentation for that file.

Table 1 gives the distribution of the 30 tanker and cargo ship

accident events by year and by accident type. (The remaining
two events involved barges.)

Figures 3 and 4 show the locations of the total 32 events. (In-
cluding the two barge accidents.)

Figure 5 gives the distribution by year of cargo vessel and tanker
accidents; i.e., collisions, groundings, and rammings collectively.
Figures 6 and 7 give similar annual distributions but subdivided
into groundings and collisions respéctively. (Inasmuch as there
was only one ramming event, collisions and rammings have been
combined and are hereinafter referred to as simply collisions.)
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Figure 8 gives the distribution by month of all accidents in the
Lower Delaware for the 1972 to 1978 period. Figure 9 subdivides
those accidents into the collision and grounding categories and
also gives the distribution of those events by month.

Figures 10, 11, 12, and 13 present various combinations of ground-
ings and collisions for tankers and cargo ships by visibility.

As can be seen from Figure 12, aproximately one-sixth of the total
tanker accidents and approximately one-fifth of the tanker ground-
ings occurred in visibility less than one mile where the average
value for the visibility was approximately 0.3 mile. For cargo

. ship groundings that visibility value is also approximately one

guarter of a mile and represents 25 percent of the cargo ship
groundings. From Table 2, however, it can be seen that visibility
occurrences of one quarter of a mile or less occur only 13 percent
of the time (that is, the mean number of days per year during

which at least some part of the 24 hour period, the visibility

was measured at one quarter of a mile or less.) This strongly
suggests a relationship between visibility and accident occurrence,
in the Lower Delaware; i.e., a disproportionate number of accidents
occur in low visibility than do in good visibility given the oc-
currence of low visibility versus good visibility and presuming
that traffic flow remains constant over different visibility
conditions., However, it is known that when poor visibility arises,
traffic flow is lessened which then says that this skew in accident

occurrence in periods of low visibility is even more intensified.

For each of those 32 cases, it was either determined directly
from the CVC files or by the employment of standard empirical
models for cost estimating, the cost (in dollars) of those ac-
cidents., Those values are given in Table 3. As can be seen from
that Table, the total cost is cateqgorized into the following four
major headings:

-15=-
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damage costs;

tug/pilotage costs;

lightering and/or demurrage costs; and,
pollution costs.

® @ ¢ @

The damage costs are further subdivided into reported dollar
amounts and those costs which were estimated based upon the re-

ported extents of damage to the vessel(s) and/or other physical
property.

As can be seem from Table 3, 43 percent of the total cost is
actual reported damages. Derived costs represent 26.4 percent

of the total while the tugs/pilotage, lightering and/or demurrage,
and pollution costs represent 3, 26.5, and 1.1 percent of the
$1,651,800 total respectively. The subtotal for damage costs
(both reported and derived) is $1,146,800 and accounts for 69.4
percent of the total costs for the seven year period.

Table 4 gives the number of tanker and cargo ship port calls (a
port call is the inbound and outbound transit of a port by a ship)

as measured at the entrance to Delaware Bay by the Philadelphia
Maritime Exchange.

Accident and casualty events for ships are conventionally measured
in terms of a rate parameter or event per port call (which is
termed as an exposure) to account for any variance in that ex-
posure., Figure 14 gives the annual distribution of that rate
parameter for all accidents or casualties in the Lower Delaware
Bay as a function of the number of port calls and is subdivided
into the tanker and cargo ship categories. Figures 15 and 16
present those data by collision and grounding accident events

for tankers and cargo ships respectively.
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From the historical distribution of data shown on Figures 15 and
16, a trend line analysis was made through the year 2000 in order
to make future projections. The lower portions of Figures 17,
18, 19, and 20 are computer generated trend lines for tanker
collisions, tanker groundings, cargo ship collisions, and cargo
ship groundings respectively for the period 1980 to 2000. The
upper portions of those same figures show small vertical lines
which are the data inputs taken from Figures 15 and 16 for the
1972 to 1978 sampling period and from which the respective trend
lines have been generated.

Each of the four trend lines is a mathematically drawn "best
fitting line" through the data points extended through the future
period. From those lines, expected values for the frequency of
occurrence of the various events may be read for any given year
in the future. 1In turn, expected values for the number of future
events may be derived directly from those frequencies; i.e,, the
frequency of occurrence is the occurrence per port call which
when multiplied by the number of port calls gives the expected
number of events.

The computer generated imagery of Figures 17 through 20 also gives
the slope (m) of the best fit line and the y- intercept (b) such
that the equation of any one of those trend lines is of the form,
Yy = mx+b. The correlation coefficients or the measure of the
goodness of fit of the trend lines to the data are ~-0.63, 0.76,
0.65, and 0.20 respectively. In terms of the surety that the
trend lines are representative of the physical situation obviously
presents some problems because of the sample size and variance

of the four data sets. Nonetheless, by employing a test statistic
which follows a student’'s t- distribution with n-2 degrees of
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freedom, the level of sicgnificance for tanker groundings is 0.01
and for tanker collisions approaches 0.2 or one has one in a hun-
dred chances and one in five chances respectively of being in
error with regards to the prediction based on the trend line
relationship. 1In the case of the cargo ship accident events,

the levels of significance are not nearly as high and really
meaningless due to the limited sample size and large variance.
However, as will be seen Sections V and VI, these cargo ship

data have no significant impact on the overall analysis since
future impacts and costs are almostly wholly driven by the tanker
events.

From these trend lines, it can be presumed that given the status
quo, the rate of tanker groundings, cargo ship collisions, and
cargo ship groundings will increase over the next twenty years;
tanker collision rates on the other hand may decrease. There-
fore, unless the number of port calls decreases proportionally,

the expected total number of events will increase.

For the purposes of this analysis, it will be assumed that tanker
port calls will level out at approximately 1,700 per year over
the next 20 years and likewise, cargo ship port calls will level
out at approximately 1,200 per year which are consistent with
current traffic levels. To determine more detailed future pro-
jections of traffic is beyond the scope of this Study.
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ITI. HAZARD ANALYSIS

In determining hazards from which potentiai corrective measures
may be postulated requires that the historical accident data
exhibit some sort of pattern or commonalties surrounding their
circumstances. If they do not and are random or unigque events
then it obviously becomes impractical to treat them independently.
Thus, the applicable historical data which were integrated in

the previoué Section were sorted in various ways to see what,

if any, pattern or commonality those data exhibit.

As it turned out, by taking collisions and groundings sgeparately
and then subdividing them by vessel type (i.e., tanker, cargo
ship, or barge), by movement (i.e., inbound, outbound, or anchored),
by cargo condition, and by location (i.e., Big Stone Beach, in

the dredged shipping channel at or above channel buoy number *"9",
or approaching the Pilot Station area), some definitive patterns
did emevrge. Tables 5 and 6 are those results for collisions and
groundings respectively. As can be seen from Table 5 (again re~-
cognizing the limited sample size), the collision events by
themselves may be said to be unique events; i.e., no real pattern
appears, Table 6 for groundings on the other hand, gives three
distinct hazard “scenarios” or pattern of accidents: one at

the approach to the Pilot Station at the entrance to the Lower
Delaware, one at Big Stone Beach Anchorage, and one in the shipping
channel above buoy number ¥9%. (See also Figures 3 and 4.)

By combining Tables 5 and 6, the Big Stone Beach Anchorage scenario
is even further enchanced.
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The descriptions of those resultant hazard scenarios are:

® a loaded tanker approaching the entrance
to the Lower Delaware fails to correctly
establish/evaiuate its position and navigates
outside of the desired/required trackline and
runs aground (10 cases). This hazard scenario
will hereinafter be referred to as the Pilot
Station Hazard Scenario;

® a loaded tanker at anchor or in the process
of anchoring in the Big Stone Beach Anchorage
is either adversely affected by weather con~-
ditions or while anchoring loses power and then
either collides with an anchored tanker or ex-
ceeds the anchorage limits and subsequently
grounds (6 cases). This hazard scenario will
be referred to as the Big Stone Beach Anchorage
Hazard Scenario; and,

® a ship navigating the ship channel above channel
buoy "9" fails to correctly establish/evaluate
its position and exceeds the channel limits and
subsequently grounds (6 cases) and is herein-
after referred to as the Shipping Channel Hazard
Scenario.

The remaining 8 cases are considered to be more or less unique

events. None were particularly severe accidents and are not
given any futher analysis in this Study.
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IV, POTENTIAL CORRECTIVE MEASURES

For each of the three hazard scenarios identified in the previous
Section, there are potential corrective measures to mitigate the
occurrence of the respective accident events with varying degrees
of effectiveness and attendant costs. This Section enumerates

a group of those potential corrective measures and estimates their
effect on future accidents in terms of a percentage.

For the scenario concerning the inbound loaded tanker at the en-
trance to Delaware Bay as it approachesgs the Pilot Station to take
the Pilot onboard, it was clear from the accidents that an improved
method of making initial landfall, maintaining position within

the traffic separation lanes, making the passage through the pre-
cautionary area, and negotiating the passage at the point of con-
fluence in the vicinity of the Pilot Station was necessary. This
basic need dictates an improved series of aids to navigation over
that system which existed in the 1972 to 1978 period. As it turned
out, the Coast Guard in the latter portion of 1978 did in fact

make a major change to that system and which is now in place and
use, (See Figure 21.) As can be seen on that figure, this con-
stituted moving some existing buoys and adding a number of ad-
ditional primary buoys.

A time series from 1972 to 1978 was run for the accident events
within this hazard scenario and then it was extended through 1980.
These 1979 and 1980 data were obtained from the individual case
files in the U.S. Coast Guard‘'s Marine Safety Office in Philadelphia.
That time series showed that except for two grounding events which
occurred in 1979 and 1980 because the tanker was using uncorrected
charts (i.e., the navigating officer was unaware of the change

to the aid to navigation system), the 1979 to 1980 period exhibited
a 61 percent decrease in grounding events from that which was
projected to occur given the previous seven year trend.
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Improved electronic aids to navigation were also considered to
augment the foregoing, and with the exception of installing some
swept frequency radar transponders (RACONS) on one or more of
those buoys (for example, on junction buoy "DBJ"), all of those
electronic systems require some form of specialized shipboard
equipment which ships today are not required to have and which,

in general, they do not carry. Although the Coast Guard has the
authority under various laws to make unilateral reguirements on
both foreign and domestic vessel in U.8. ports, this regulatory
process and the international implications associated with this
type of action is so complex that all such options were discounted
from any further consideration. It was therefore made an assumed
requirement that all corrective measures postulated herein were
limited to those which did not reguire the ship to have any
specialized onboard equipment except that portable equipment which
it can be reasonably expected to have the Pilot take on board

with him. Obviously, for this first scenario which is prior to

the embarkation of the Pilot, even that option is not available.

Accordingly, the only viable option to providing the necessary
aids to navigation are those which are external to the ship and
which do not require any extraordinary onboard equipment. This
basically means visual aids to navigation and those which provide
a radar reflection or signal, radio signals for use with a radio
direction finder, voice radio signals, and for tankers in U.S,.
waters, LORAN~C signals. 1In the case of this hazard scenario,

the judgement was made that given the foregoing, only the external
visual aids to navigation and RACONS appeared feasible as a poten-

tial corrective measure.
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In terms of the Big Stone Beach Anchorage hazard scenario, an

analysis of the applicable accident events showed the following
needs:

@ to control the density, spacing, and placement
of anchored tankers in order to maximize spacing
between tankers and mitigate collision events
and to avoid tankers being anchored in too close
proximity to the anchorage boundaries and shallow
water;

® to provide a better forecasting system of winds
in that anchorage zone in order to forewarn
mariners as early as possible of changing wind
directions and forces;

® to provide a means of onboard monitoring of an
anchored tanker's position in that anchorage
in order for onboard personnel to ascertain that
their anchor is not being "dragged®; and,

® to provide sgome means of compensating for a tanker
losing power while in the process of anchoring
and to provide some form of assistance to a tanker
whose anchor is being dragged.

In the instance of the first need, it is proposed that an anchorage

scheme be provided such that within the 2,000 yard by 6,800 yard
existing anchorage limitations, a series of individual anchorages
be specifically designated such as conceptually shown on Figure
22 where a tanker would be assigned to and drop its anchor some-
where in close proximity to the center of one of the individually
designated anchorage circles. The rationale behind such a scheme
is to first, insure that tankers do not anchor too close to the
ocuter boundaries of the overall anchorage limits. Second, this
scheme would control the density and spacing of tankers within
the anchorage zone and provide ample spacing between them to
account for not only the lightering operations but for the event-

ualities of a tanker dragging its anchor or losing power while
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underway. In other words, the idea is to provide more distance
and thereby time, between the tanker dragging its anchor or the
underway tanker losing power and other tankers within the anchor-
age and thus provide an increased measure of safety.

As previously stated, Figure 22 is conceptual. The final design

of such a concept would necesgarily include such factors as tanker
size, scope of chain, number of tankers using the overall anchor-
age at one time, etc. (At present levels, the ten anchorages

would be sufficient to handle the normal anchorage loading require-
ments.) Based on some preliminary estimates and as shown on that
Figure, with a slight increase in size of the existing anchorage

on the southeast corner, ten such individually designated anchorages
may be provided with radii of approximately 1,650 feet and given
900-foot tankers with six shots (540 feet) of chain out on scope,

minimum separations of 900 to 1,000 yards can be achieved.

In order to accommodate the second need requires a wind direction
and force monitoring system in proximity to the anchorage. The
problem today is that current weather forecasts are predicated
upon weather stations which are both ashore and removed in dis-
tance from this locale. Obviously, the wind data taken from these
stations and upon which forecasts are made are inappropriate to
the anchorage area and in fact, are known to be misleading to

the mariner.

Accordingly, the corrective measure proposed to accommodate this
need is the installation of wind monitoring instrumentation to

be placed on and powered from Brandywine Shoal Light in conjunc-
tion with a transmitter to relay that data (wind speed, wind direc-
tion, and maximum wind gust observed) at fixed intervals to the
National Weather Service, Philadelphia, who will in turn broadcast

that data over the existing marine weather network.
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The third need to provide a continuous means for the anchored
tankers to monitor their position within the anchorage on a 24
hour, all weather condition, may be met through the provision

of a swept frequency RACON again placed on and powered from

the Brandywine Shoal Light fixed structure. The swept frequency
RACON when triggered by a ship's radar will emit a characteristic
signal and be superimposed on the ship’s radar as a radial line
originating from the RACON's position. This will provide the
observer on the ship with an automatic and continuous display

of bearing and distance from a fixed object and from which the
ship's position may be determined. This is a quick and relatively
easy means to monitor position without regard to floating aids
which may be off station and without regard to any visual aid

to navigation which may be obscured due to visibility, light

intensity limitations, or other ships obstructing another ship's
view,

The fourth need to provide some additional measure of safety

in the event of an underway tanker losing power or to assist an
anchored tanker with a dragging anchor, can only be met (at least
from the "external-to-the-ship” point of view) by a tugboat.

This tugboat would be required on a 24~-hour a day basis in the
anchorage to assist or standby during movements within the anchor-
age and to standby for the eventuality of providing assistance

to an anchored tanker when and if necessitated. It is estimated
for at last conceptual purposes, that such a tugboat would be

a twin screw, 4,000 BHP (brake horsepower), diesel driven vessel
with principal dimensions (length, beam, and draft) of 103 feet,
33 feet, and 17 feet.
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The combined effectiveness of the designated anchorage scheme,

the improved weather forecasting system, and RACON installation
has been adjudged to be 50 percent [4]. The effectiveness of

the tugboat is adjudged to be 40 percent in the case of assisting
anchored tankers and 20 percent in the case of assisting an under-

way tanker which loses power ([5].

The shipping channel hazard scenario basically dictates that some
reliable means of establishing navigational position under all
conditions of weather, and in particular, during periods of low
visibility be provided. Two options appear to be available.

One is to provide an electronic means to ascertain the ship’'s
position relative to the centerline of the channel in a continuous
fashion [6]. Such a system (which again does not require any
special onboard equipment) is one which operates through a small
portable instrument carried onboard by the Pilot and continuously
provides an output to the operator of distance left or right of
trackline along any one reach of the channel and distance to the
next turn. The portable device is a programmed instrument which
operates off LORAN-C signals and can continually track the ship
relative to either side of and along the channel centerline.

It does, however, require initialization of position as an input.
To accommodate this initialization, it is proposed to replace
existing channel buoy "9" with a fixed structure. The reason

for the fixed structure is to obviate the need for floating aids
which are subject to position inaccuracies, are limited in height
and power sources for lights, and to limitations in positive radar
identification under conditions of limited visibility. Such a
system (which is similar to systems in Rotterdam and Hamburg)

is estimated to have an effectiveness of 40 percent in reducing
grounding accidents {[7,8].
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The construction and installation of two additional fixed struc-
tures in place of existing channel buoys "19" and "32" (see NOS
chart 12304) would provide fixed aids to navigation impervious

to weather, including ice damage, and moreover, give the mariner
the means to more readily and accurately establish his position.
They would further be more conducive to having larger power sources
(i.e., diesel generators) upon which higher intensity lights and
additional RACONs could be installed. The increased effectiveness
of these fixed structures is estimated to be 25 percent [9].

-49-



V., FUTURE PROJECTIONS

For each of the three hazard scenarios, a regression analysis

was conducted for the rate parameter or accident rate and trend
line projections were made to the year 2000. By multiplying those
rates by the average annual traffic levels previously stated
(i.e., 1,700 for tankers and 1,200 for cargo ships), the expected
number of future accidents events were determined with no change
to the system. Then, those trend lines and subsequent expected
number of accident events were recalculated but under the various
combinations of potential corrective measures and their expected
effectiveness on accidents.

For the hazard scenario of a loaded tanker grounding at the entrance
to the Delaware or the approach to the Pilot Station, the trend
line shows a sharp increase in accident rate; from approximately
1.80 x 1073
grounding per port call in 2000. (See Figure 18.) It may be

groundings per port call in 1981 to nearly 5.0 x 1073

speculated that this increase is probably due to some combination
of increased tanker size; limited maneuvering space and underkeel
clearance in an area of high traffic density and convergence;
and, a situation which places a relatively difficult-to-maneuver
tanker in restricted waters and requires it to slow down and
create a lee for the pilot boat thus further placing the tanker

in a more vulnerable position with respect to all of the following:

® its own controllability (which decreases
with decreased speed);

® 1its orientation to the channel and other
traffic: and,

® its exposure to external forces such as
current and wind.
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Moreover, this occurs at the previously mentioned point of highest

traffic density and convergence in the Lower Delaware.

Assuming that the average annual number of port calls per year
is 1,700, the expected number of groundings in 1981 is nearly
three and in 2000, that expected value is approximately eight.
The average value for the rate parameter is about 3.3 x 10_3
groundings per port call and the average number of groundings
per year will be just under six. These of course assumes no
change in the trend exhibited during the 1972 to 1978 period.

With the upgraded aid to navigation system installed in the latter
portion of 1978 as previously described, the expected number of
events will be approximately one in 1981 and three in 2000 or

an approximate 60 percent decrease based on the adjudged effec-
tiveness of that system. Obviously, the upward trend remains

since the 1972 to 1978 data exhibit that upward trend for what-
ever reason. However, the rate at which it increases is lessened.
Nonetheless, it is important to understand as previously mentioned
that there are factors causing the upward trend, possibly increased
tanker size to name one, which are beyond the scope of this analysis,
but which could change that trend. For example, if the increased
tanker size were one of the controlling factors in causing that
upward trend and if tanker size leveled off at some point in the
future, then it could be said that the accident rate would level
off accordingly and appropriate adjustments made to any future
projections. Aside from the point of the limitations of this
Study, it is strongly suspected that there are a multiplicity

of interactive factors which have caused the trend and to truly
understand them and compensate for them in a future projection
sense is a formidable undertaking.
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In any case, given that historical trend and assuming that it
will continue without some change to the overall system, the up-
graded aid to navigation system is projected to prevent 70 out
of a possible 114 grounding events in the future,

In the case of the Big Stone Beach Anchorage hazard scenario,
the attendant accident rate is expected to range from approxi-
mately 0.7 x 10'3 accidents per port call in 1981 to 1.75 x 10"3
accidents per port call in 2000 with an average value of about
1.25 x 1073
herein, this translates to just over two accidents per year on

accidents per port call. Under the assumptions used
the average over the next 20 years or a total of 41 accidents.

With the installation/imposition of the swept frequency RACON

on Brandywine Shoal Light, the improved weather forecasting ser-
vice, and increased anchorage spacing, 14 of those 41 projected
accidents are not expected to occur. Likewise with the employ-
ment of a full time tugboat in the anchorage for use by either
anchored or underway tankers, an additional 16 tanker accidents

within the Big Stone Beach Anchorage are projected to not occur.

The cargo ship and tanker grounding hazard scenario with the
dredged channel, unlike the previous two scenarios, exhibits a
slight negative or downward trend in accident rate. For 1981,

the expected value is approximately 0.23 x 10"3 groundings per
port call in 1981 and for 2000 that value is 0.2 x 1073 ground-
ings per port call. This gives an average expected value of
groundings of just in excess of one grounding every other year

or an expected total of 13 grounding events in the 20 year period,

6 of which would be tanker groundings.
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With the installation of the electronic aid to navigation system,
five of those future groundings are expected to be eliminated
(two of which would be tanker incidents). If the fixed struc-
ture aids to navigation are employed, one additional cargo ship
grounding and one additional tanker grounding would be further
eliminated.,

To recapitulate, over the next twenty years, considering only

the three hazard scenarios analyzed herein, under the assumptions
that traffic levels remain more or less constant and the accident
trends exhibited over the past eight years continue (i.e., no
significant changes are made to the system), it is projected that
161 tanker and 7 cargo ship accidents will occur. The reasons
for the disparity in tanker events are that first, approximately
80 percent of the accident data base are tankers. Second, within
the specific hazard scenarios considered herein tankers consti-
tute an even greater proportion of the events.

Of those 168 total projected future events, it is expected that
given all the proposed corrective measures, 103 of the future
tanker events and four of the cargo ship events can be elim-
inated.

From the oil pollution point of view, the historical data base
used for this analysis contained only one pollution event of 20
gallons which was discharged due to some leaking rivets following
the accident. Obviously, one event of this magnitude does not
provide sufficient data upon which future o0il spill projections
may be made.
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As an alternate method, the tanker accident rate parameter for
the Lower Delaware during the 1972 to 1978 period was 1.724 x 10
per port call. A worldscale value for collisions, groundings

3

and rammings during the 1969 to 1978 period in similar operating
environments was 1.695 x 10"3 per port call, Thus, the Lower
Delaware rate parameter is for all intents and purposes identical
to the worldscale value for similar situations. Accordingly,

it may be assumed that given a tanker accident, the conditional
probability of having a large oil spill (with a volume equal to
or greater than the contents of one wing cargo tank) from the
worldwide data of 6.06 x 1073 [10] may also be fairly applied

to the Lower Delaware.

Given a projected value of 161 tanker accident events over the
next 20 years, the rate parameter for a large oil spill in the

Lower Delaware is approximately 2.87 x 107°

per tanker port call.
With 1,700 tanker port calls per year over the next 20 yvears this
gives a probability for a large o0il spill in the Lower Delaware

of 0.623 with no major system change.

If all of the proposed corrective measures proposed herein were
implemented that probabilistic value could be reduced to approxi-
mately 0.3 or the probability of a large oil spill will be halved
to that expected. ' The incremental values for the probability

of a large oil spill in the Lower Delaware are as follows:

® under the present system - 0.623;

with the provision of the entrance aid-to-
navigation system, the improved weather
forecasting facility, the increased anchorage
spacing, the RACON installation on Brandywine
Shoal Light, and the portable electronic aid

to navigation system including one fixed struc-
ture in the vicinity of existing channel buoy
"g" for initialization purposes - 0.365 or a
decrease of 0.258;
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with the installation of 2 additional fixed
structures - 0.362 or a total decrease of
0.261;: and,

with the employment of a tugboat in the
anchorage - 0.296 or a total decrease of 0.327.
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Vi, COST ANALYSIS

All cost data given herein are given on an annualized basis.
Proposed corrective measures, all of which require some form of
capital investment and annual operating costs, have the capital
investment (in September, 1980, dollars) taken over 20 years at
a 14 percent value of money. The average annual cost is there-
fore the sum of the annualized investment cost and the annual

operating cost [11]. The summaries of those average annual costs
are as follows:

@ the six additional entrance buoys have a total
capital cost (buoy structure, sinker, aid to
navigation package including power source) of
$25,000 each and an annual service cost of
$5,000 each [12j. This translates to a total
investment of $150,000 and a total annual
operating cost of $30,000. 1In terms of the
average annual cost, this is $52,650.

® the upgraded weather forecasting system for the
Lower Delaware will require an initial invest-
ment of $150,000 and is expected to have an annual
operating cost of $20,000 [13]. The average annual
cost is therefore, $42,650.

® the cost to create an enlarged spacing arrangement
within the Big Stone Beach Anchorage is assumed
to be strictly a front end administrative cost
with no annual operating costs. That administra-
tive cost would be one to design and propose the
new anchorage regulations, receive public comments,
and implement the final regulations. That cost
has been estimated at $120,000 [14] and in terms
of an annualized cost that value is $18,120.

® the capital cost to install a swept freqguency
RACON on Brandywine Shoal Light is $12,000 and
the annual operating cost associated with that
RACON is estimated to be $2,000 [12]. This gives
an average annual cost of $3,812.
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® the portable electronic aid to navigation
system in conjunction with a new fixed struc~
ture in the vicinity of existing channel buoy
"9" to be used as an initializer for the naviga-
tion system will have an initial cost of $180,000
(based on 15 portable units) for the electronic
package [15] and $147,000 for the fixed structure
including the navigation equipment [16,17]. This
gives an annual investment of $49,377 which when
added to the annual operating costs of $10,000
for the electronic package and $20,000 for the fixed

structure creates a total average annual cost of
$79,377.

® the installation of two additional fixed structures
including the navigation equipment would require
a capital outlay of $294,000 [16,17]. The annualized
cost of that investment is $44,394 which when added
to an annual operating cost of $40,000 for those two
structures yields an average annual cost of $84,394.

@ Lastly, the provision and employment of a 4,000 BHP
tugboat at the anchorage would require a capital
investment of $6,000,000 for the tugboat [18] or an
annual investment of $906,000. With an average annual
operating cost of $1,800,000 (fuel, crew, insurance
maintenance, and overhead costs), this gives a total
average annual cost of $2,706,000 for the tugboat.

The cost of accidents are derived directly from the data enu-
merated on Table 4 of Section II. For each historical accident
event within each of the three hazard scenarios, the total ac-
cident cost (reported or derived damage, tugs/pilotage, lighter-
ing/demurrage, and pollution costs) was extracted from those data
and then the average total cost per accident event within that
scenario was calculated,

In the case of the approach to the Pilot Station hazard scenario
the average ship related accident cost is $37,600 per incident.
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For the Big Stone Beach Anchorage hazard scenario there are two
values. The first is for those events not involving a power
failure on the tanker and that average value for ship related
costs is $55,000 per incident. The second value which relates

to the situation where a tanker in the process of anchoring loses
its main propulsion plant and subsequently collides with another
vessel or runs aground is $210,000 per incident.

Those cargo ship and tanker grounding accidents which occurred
in the vicinity of the main shipping channel above channel buoy
"g" and constitute the channel hazard scenario, had an average
value of ship related costs of $2,000 per incident.

The event of an oil tanker accident leading to a large outflow
of oil would incur at least the following costs:

cleanup and/or removal costs;
damage to real or personal property;
damage to natural resources;

®e © ¢ ©

loss of earnings resulting from injury
to real or personal property or natural
resources, without regard to ownership;
and,

® loss of use of real and personal property
or natural resources.

The total dollar amount of these costs will, of course, vary
according to a number of factors including:

location of the spill;
weather at the time of the spill;
time of the year; and,

e & €& ¢

numerous other factors including availability
and deployment of cleanup equipment.
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It is a considerable task, and one not.within the scope of this
Study, to develop the impact of all spill scenarios that could
be foreseen and their interrelating factors. Rather, this Study
considers two different spill scenarios which correspond to the
hazard scenarios contained herein and develop representative
resultant damage costs.

The two spill scenarios are projected to occur at the Big Stone

Beach Anchorage and in the area just outside the entrance to the
Delaware Bay.

A major spill at the Big Stone Beach Anchorage location could
affect the following areas and activities:

® the spawning and growing areas of fin and
shellfish;

® the abundant wetlands and natural vistas
surrounding the Lower Bay:

commercial fishing;
recreational fishing and boating;
birds and waterfowl:; and,

e & & O

resort and tourist activities.

Some of the above factors lend themselves to quantification
while others require a much higher degree of qualified judgement.
For instance, the commercial fishing industry in Cape May County
alone was estimated in 1976 at $14,600,00 [19]. Adjusting for
inflation this value would nowadays approach 22 million dollars
and a major spill would perhaps effect an entire season. Fortu-
nately, recent studies [20] have developed a "bench mark" with
which one can put a quantifiable judgement on the effect of a
spill. This Study projects that a spillage of oil would cost
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one dollar and seventy cents ($1.70) per gallon for cleanup and
removal and fifty dollars ($50.00) per gallon for direct and
indirect damages to others.

The cost of a 1,500,000 gallon spill (approximately the contents
of a single wing cargo tank of an 80,000 deadweight ton (DWT)
tanker) in this particular area would then be:

® $2,500,000 for cleanup costs;
@ 875,000,000 for other damages; which gives,
@ a total cost for the spill of $77,500,000.

A spill at the entrance to the Delaware Bay in the summer months
would affect the following areas:

commercial fishing;
recreational fishing and boating;

coastal wetlands and barrier island
growth; and,

® have a major effect on the resort and
tourist activities of the area.

The resort economy of the area can be estimated by adjusting the

results of a previous study done by the Cape May County Planning

Board [1] for inflation. This would result in an expected resort
economy of approximately $370,000,000 per year. An oil spill

of the magnitude considered in this Study would have a major effect

on this economy if it landed on the beaches of the area. The
IXTOC I spill in the Gulf of Mexico was said to have devastated
the tourist economy because of lack of ability to utilize the
water resources which attracted the tourists, If it is assumed
that the oil spill will have a significant impact on the economy
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for the first month of the spill, in effect bringing the economy
to a standstill, and would have an effect on the rest of the re-
sort season equal to the loss of the first month, then one can
estimate that the loss to the tourist economy would be in the
neighborhood of $125,000,000. Coupled with the previously derived
losses of $77,500,000 for cleanup and other damages that would
occur without the major effect on tourist/resort economy the total
cost would be $202,500,000.

The average cost of either of the two spills is $140,000,000.

For the purposes of this cost analysis, the proposed corrective
measures of the six additional entrance buoys, the upgraded weather
forecasting system, the enlarged anchorage spacing, the RACON

on Brandywine Shoal Light, and the portable electronic navigation
system including the single fixed structure are taken as a single
total package. The reason for this integration is that on initial
review of the associated annualized costs, those values were seen
to be relatively small; thus, in the interest of avoiding a re-
petitive series of step functions for each of these corrective
measures individually, they are taken together collectively.

For the remaining corrective measures of the two additional fixed
structures along the channel and the tugboat at the anchorage
(which each represent relatively significant cost investments,)
these two corrective measures are treated separately for cost
analysis purposes.
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1f the average annual costs of the six additional entrance buoys,
the upgraded weather forecasting system, the enlarged anchorage
spacing at the Big Stone Beach Anchorage, the installation of

the RACON on Brandywine Shoal Light, and the portable electronic
navigation system including the single fixed structure for ini-
tializing purposes are, as previously stated, taken collectively,
that value is $196,609. As indicated in a previous Section this
collective arrangement is projected to reduce 86 tanker accident
events and 3 cargo ship accidents events. From the costs of
historical accidents given in Table 4 of Section II and the aver-
age value per incident derived therefrom, the total direct ship
cost savings (damage, tugboats/pilotage, demurrage/lightering,
etc.) are $3,425,000 over the 20 year period or $171,250 per year
on an average basis.

With an average potential oil spill cost of $140,000,000 and a
reduction in the probability of that oil spill in 20 years from
0.623 to 0.365 with the imposition of this collective arrangement
of corrective measures, the expected value for savings in oil
spills is $36,120,000 or $1,806,000 per year on an average annual
basis. Thus, the total expected savings is $1,977,250 per year
versus an averade annual cost of $196,609 or a savings-cost ratio
of approximately ten. In fact, the savings in ship related costs
alone of $171,250 per year nearly equals the average annual cost
of the proposed corrective measure package of $196,609; i.e.,

not even considering the large oil spill issue,

The average annual cost for the two additional fixed structures
is $84,394. Over the 20 year period this will result in the pre-
vention of one tanker and one cargo ship grounding accounting

for approximately $4,000 in ship related costs. It will also
reduce the probability of a large o0il spill within the 20 year
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period from 0.365 to 0.362 which gives a further expected oil
spill savings of $420,000 or $21,000 per year. The total expected
savings are thus $21,200 per year measured against an average
annual cost of $84,394., This gives a savings-cost ratio of 0.25.

The employment of a tugboat at the anchorage has an average annual
cost of $2,706,000 associated with it. Given that this tugboat
is expected to eliminate 16 tanker accidents over the 20 year
period with a total ship related cost value of $3,360,000 or an
average annual cost of $168,000 per year. The tugboats will re-
duce the probability of the large oil spill event in 20 years
from 0.362 to 0.296 which translates to an expected savings value
of $9,240,000 or $462,000 per year. The total expected savings
is $630,000 per year and when compared against the average annual
cost for the tugboats of $2,706,000, the savings-cost ratio is
0.23.

If all three corrective measure combinations are taken together,

the total average annual cost is $2,987,003 and the expected
annual savings are $2,628,450.
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VII. CONCLUSIONS AND RECOMMENDATIONS

The analysis conducted herein has shown that the Lower Delaware
Bay has three major hazard scenarios which relate to the adequacy
of existing aids to navigation and navigational procedures. It
has also shown that given the historical trends exhibited during
the 1972 to 1978 period, projections of future accident trends

are expected to be of an increasing nature. As often stated in
this Study, those future projections are predicated on the assump-
tion that no major change is or will be made to that which existed
in the 1972 to 1978 period.

It also should be emphasized that any recommendations made herein
are solely based upon the mitigation of accident events and not
on the facilitation of commerce which is beyond the scope of this
Study. Tt should be apparent that if the facilitation of commerce
were addressed such as the accommodation of traffic on a 24 hour

a day, 365 day per year basis, many additional benefits could

be accrued from various aids to navigation and/or navigational
procedures which may be either discounted or not even considered
herein and might prove to be cost beneficial to Society from the
commerce point of view,

Given the foregoing understanding, it is therefore concluded and
recommended that the upgraded aid-to-navigation system at the
entrance to the Lower Delaware Bay, the upgraded weather fore-
casting facility, the designated/increasing spacing concept for
the Big Stone Beach Anchorage, the installation of a swept fre-
guency RACON on Brandywine Shoal Light, and the portable elec~
tronic aid-to-navigation system including the single fixed struc-
ture for system initialization exhibits a highly favorable savings
cost ratio (approximately ten) and therefore is recommended for

ultimate design, acquisition, installation, and implementation.
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This combined package is expected to eliminate 89 out of a pos-
sible 168 future cargo ship and tanker accidents over the next

20 years; or, put in terms of tankers alone, it is projected that
it will eliminate 86 future tanker accidents out of a possible
future subtotal of 161 tanker accident events. In addition, from
the potential large oil spill point of view, it has been projected
over the next 20 years that the probability of such an occurrence
in the Lower Delaware is 0.623. With the provision of this com-

bined package, that probability is expected to be reduced to 0.365.

Although the additional two fixed structures are expected to re-
duce one additional tanker and one additional cargo ship grounding
over the next twenty years and reduce the probability of a large
0il spill to 0.362, the annualized costs of this corrective mea-
sure does not exhibit an acceptable savings-cost ratio and is
therefore not recommended. Again, however, it must be emphasized
that this judgement is solely based upon accidents alone and not
the facilitation of commerce issue which probably, if included,
would justify the inclusion of these structures.

The provision and utilization of a tugboat in the anchorage area
which is projected to eliminate an additional 16 tanker accidents
over the next 20 years and reduce the probability of a large oil
spill to 0.296, is also concluded to be unacceptable from the
savings~cost ratio point of view. Although, the potential savings
are high on an absolute basis, the annualized costs for acquiring
and operating that tugboat appear to be prohibitive,
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It is important to recognize that despite the fact that accident
data in the Study Area does not indicate a significant likelihood
of collisions in the future, the potential for such an event none-
theless remains.

This is especially true at the entrance to the Bay which is an
area of intense traffic confluence and through which all traffic
entering to or departing from Delaware Bay must transit. This
is even further compounded due to the fact that this is the gsame
area in which most traffic must slow down and maneuver to either
embark or disembark pilots thereby placing themselves in an even
more vulnerable position with respect to other traffic. More-
over, it must be recalled that the terms of reference for this
Study have limited the data base to only those events in which
the adequacy of the existing aid to navigation system was deemed
to be a causal factor. It does not include, for example, col-
lision events which occurred due to other causes such as machinery

failure, improper detection of other vessel's intentions, etc.

In any case, the point is that this situation is real and thereby
the potential for a collision is real. While from an analytic
point of view this cannot be demonstrated within this Study, it
is strongly suspected that the provision of some means for the
mariner to quickly adjudge his position within that area under
all conditions of visibility would be beneficial towards the
future mitigation of collision events. One suggestion is the
installation of a swept frequency RACON on junction buoy "DBJ".
The cost of such an installation is minimal and if incorporated
within the total package proposed herein, would have a negligible
effect upon the total annualized costs., On the other hand, it
probably will have a discernable impact upon collision events

in this area in the future and therefore, the savings cost ratio.
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Another point which bears special emphasis is the adequacy of

aids to navigation within the dredged channel under conditions

of limited visibility and the reasoning behind the inclusion of
the portable electronic aid to navigation system. Under the
existing situation, vessels do not usually enter the channel at
all when the visibility becomes restrictive. Thus, the only
vessels that do make the transits under these conditions are those
committed to the channel and after which that commitment is made
does the visibility decrease to that otherwise restrictive level,
As stated in Section II, approximately one-fifth of the total
accidents considered herein occurred when the visibility was less
than one quarter of a mile yet visibility of one quarter of a

mile occurs on only thirteen percent of the days of the year.

This skew is is even more intensified when one realizes two ad-
ditional facts. First, the measure of visibility occurrence is

by days during which at least some portion thereof the visibility
was recorded at one guarter of a mile or less as opposed to the
entire twenty-four hour cycle; and second, the notion that traffic
levels are decreased during these limited visibility conditions.
In other words, given equal traffic exposure, if visibility was
not related to accident occurrence, one would expect the percentage
of accidents in limited visibility to be approximately equal to
the occurrence of that limited visibility; i.e., visibility oc-
currence and accident occurrence are independent of one another.
Obviously, they are not and accident occurrence is dependent upon
visibility such that as the visibility decreases, the occurrence
of accidents increases. Moreover, since traffic exposure is not
equal and in fact decreases with decreased visibility, the ac-~
cident rate or accident per port call increases at an even more

pronounced rate.
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If a contingency table could be compiled consisting of accidents
and safe passages at various levels of visibility, one would be
able to quantitatively establish dependency by employing a CHI-
SQUARE test and then measure the degree of that relationship
through regression analysis. Unfortunately, those safe passage
data are not available. Nonetheless, statistical inference strongly
suggests that this relationship is present. Accordingly, the
recommendation for the installation of an improved all weather
navigation system or more specifically, the portable electronic
navigation system, has been made to alleviate this situation.

Such a system can then accommodate the channel transits under
conditions of limited visibility whether they occur by choice

or by chance due to changing meteorologic conditions once a vessel
ig committed to the channel, at a reduced level of risk.

Based upon all of the foregoing, it is recommended that the aid
to navigation package proposed herein be implemented as soon as
is reasonally practical in the interest of marine safety, the
protection of the marine environment, and the overall mitigation
of risk to the Lower Delaware including the various economies
derived therefrom.
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APPENDIX B

WRITTEN COMMENTS RECEIVED ON
DRAFT REPORT



MALLING ADODRESS:

DEPARTMENT OF TRANSPORTATION
U.5. COAST GUARD (93;NSR/14

UNITED STATES COAST GUARD PHONE: 909 49620080

* 16500
DEC 16 1980

Mr, J. D. Porricelli

Managing Principal

Engineering Computer Optecnomics, Inc,
1036 Cape St. Clair Center

Annapolis, MD 21401

Dear Mr, Porricelli:

Herewith I am returning a copy of your report concerning navigation
hazards in the lower Delaware Bay. My comments are written in the
margins., Despite the fact that the accident history in the area does
not reveal significant likelihood of collisions in the "precautionary
area" at the entrance to Delaware Bay, I do believe that the probability
for a collision there within ten years, for instance, indeed may be
quite significant merely because that precautionary area is a "mixing
bowl" through which all traffic in and out of Delaware Bay must travel.
Elaboration on this point would seem appropriate for your report.

Additionally, you might expand somewhat on meeting situations in
Delaware Bay, particularly in poor visibility. Pilots will not enter
the dredged channel in poor visibility, but are the aids adequate for
vessels without rate-of-turn indicators considering the few times during
the year in which poor visibility besets vessels already committed to
the channel? Again, accident statistics may not be a sufficient basis
for judgment on the adequacy of the aids.

I enjoyed reading your report and hope my comments are helpful.

ou / ~ 7
"ﬁﬁl f//[/"/é

T. MONTONYE, '
Laptain, U. §/ Coast Guard
Asst Chief, ort Range Aids
to Navigation Division

Enclosure
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DEPARTMENT OF TRANSPCRTATION Commander (e)

UNITED STATES COAST GUARD  Third CG District
Governors Island

(212) 668-7076

PSN 90003

. pei3 1980

Jd.D. Porricelli

Engineering Computer Optecnomics, Inc.
1036 Cape St. Claire Center

Annapolis, MD. 21401

Dear Mr. Porricelli:

Thank-you for your draft copy of the "Analyses of Existing and Potential Navigational
Hazards in Delaware Bay" being prepared in the Cape May County Planning Board. We
have read through the draft and have no comments or changes to propose. The overall
cost figures provided in your report are consistent with our preliminary estimates for
construction of new fixed aids to navigation structures. We do note that the new fixed
aids may require commerical power. If they do we presume that the commerical power
life cycle cost would be less than the cost you have used in your report.

We have noted that your study is limited to measuring cost versus savings solely on the
bases of marine accidents and not on any other factors. Again thank-you' for the
opportunity to review your draft report.

Sincerely yours,

B, L. SOLCHUON

Captaiu, U.3. Coast Guard
Chief, Engineering Division
By direction of the Commander
‘Third Coast Guard District

SPEED
LiMT ~

New York, NY 10004



23

WA

|
I
!
I
i
i
1
|
i
i
i
1
|
1
1
1



